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A TEMPERATURE CHART AND FORMULAS USEFUL WITH THE USASI B3 l .7 CODE 
FOR THERMAL STRESS IN NUCLEAR POWER PIPING 
John E. BROCK 
Department of Mechanical Engineering, Naval Postgraduate School, 
Monterey, California, USA 
Received 27 December 1968 
A chart and formulas give values of AT1,max, AT2, andNp 0 as functions of NBi for the case of sudden change 
in temperature of fluid flowing in a thin wall insulated pipe. These results are useful in designing according to the 
USAS B 31.7 Code for Nuclear Power Piping. The procedure outlined is suitable at high values of heat transfer coef-
ficient, as obtained with liquid metal-cooled and pressurized water reactors. 
For routine evaluation of thermal stress effects re-
sulting from temperature gradients through the wall 
of piping, the current draft of the USAS B31.7 Code 
for Nuclear Power Piping [ 1] defines (in a not com-
pletely unambiguous way) two quantities, 11T1 and 
t:i.T2, as indicated in fig. I. These quantities are em-
ployed in formulas 10 and 11 of the B31. 7 docu-
ment. For any particular thermal excursion, it is the 
intention that the maximum value of 11T1 be eval-
uated and that the value of 11T2 also be evaluated at 
the time when t:i.T 1 is maximal. These evaluations 
can be performed employing any of a number of 
available temperature response charts, such as those 
of Schneider [2], but a repetitive solution, with sev-
eral trial values of Np 0 , the Fourier number, or 
dimensionless time, must be employed to obtain the 
maximum. 
For the particular, but frequently encountered, 
case of a sudden change in ambient temperature of 
fluid flowing in a thin wall pipe which is well insu-
lated on its exterior surface and which was at the 
uniform temperature of the fluid prior to the tem-
perature change, simplicity and accuracy of evalua-
tion is desirable, since this case leads to the most 
severe thermal stress effects. The chart and formulas 
presented herewith, permitting such evaluation, 
were obtained by use of the classical solution, which 
is briefly stated in the next paragraph. 
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Fig. 1. Definitions o_f the quantities AT1 and AT2. 
The thin wall pipe is assumed to be equivalent to 
an infinite flat plate having thickness S equal to that 
of the wall of the pipe. The position within the pipe 
wall is measured by length coordinate x which has 
the value zero at the insulated face and the value S at 
the face in contact with the fluid. It is presumed that 
at time t = 0, the pipe wall is at the uniform tempera-
ture T= 0, and at that instant the fluid temperature 
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Fig. 2. t:.T I ,max and corresponding values of t:.T 2 and Nr 0 as functions of the Biot number NBi· 
heat entering the pipe through a surface convective 
layer having the coefficient of heat transfer h. Then 
the temperature at location x and time tis given by 
-
T(x, t) = 'I" ~Ci cos(_mix/8) exp(-mJNrJ, (1) 
i=l 
where 
Nr 0 = ta/8
2 (Fourier number) 
a= thermal diffusitivity of pipe wall material 
mi = jth root of the equation m tan(m) = N Bi 
NBi = hb/k (Biot number) 
h = surface heat transfer coefficient 
k = thermal conductivity of pipe wall material 
Ci= 4 sin(mi)/ [2mi + sin(2mj)]. 
From the definition implied in fig. 1, it is seen that 
AT 1(t) = T(b, t) -T( O, t) (2) 
AT i(t) = (1/8) Jg T(x, t) dx - ½ [T(o, t) + T(O, t)] 
(3) 
and for any particular value of N8 i, it is not difficult 
to evaluate AT 1 repeatedly, for different values of 
Nr
0 
(that is, for different values of time, t), and inter-
polate to obtain T 1 max• and finally, to evaluate AT 2 
at the interpolated ~alue of Nr 0 which maximizes 
AT 1. These evaluations were made on the IBM 360 /67 
computer at the Naval Postgraduate School. Results 
are shown in fig. 2 for a unit value of T* and values at 
even powers of NBi are given in table 1 on the left 
side of each column. 
It has been found that the curves may be approx-
imated to quite satisfactory accuracy by the following 
empirical formulas: 





Values calculated by these equations are also given in 
table 1. Thermal stress is greatest at high values of 
N8 i, and the AT l ,max term makes a larger contribu-
tion to the calculation than the AT 2 term. Thus these 
equations exhibit very adequate accuracy for thermal 
stress calculations. The equations are also shown in 
fig. 2 at the curves they closely approach. 
Example: Type 304 stainless steel pipe, 10.750 in . 
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Table 1 
Comparison of theoreti cal calculations (preceding slash) and empirical formula values (following slash) for AT 1 • AT 2• and NFo at 
l'arious values of NBi· The figures in parentheses show percentage errors in the empirical formula values . It is seen that the empiri-
cal formulas provide values of sufficient accuracy for practical uses . 
NBi AT1 
1000 0.9967/0.9969 ( +0.02) 
100 0.9720/0.9726 ( +0.06) 
10 0.7989/0.7988 (-0 .01) 
I 0.3083/0.3077 ( - 0.2 ) 
0.1 0.0463/0.0474 ( +2.4 ) 
0.01 0.0049/0.0055 (+12 .2) 
O.D. by 0.719 in. wall thickness, uniformly at 550°F 
and carrying fluid at 550 °F. Fluid temperature sud-
denly decreased to 450°F. The effective film coeffi-
cient of heat transfer is 2000 Btu/hr-ft 2-°F. The pipe 
material has the following properties : thermal con-
ductivity= 11.00 Btu/hr-ft- °F; density= 487 lb/ft3; 
specific heat= 0.132 Btu/lb-°F. We easily calculate 
.V8i = (2000)(0 .719/ 12)/(11) = 10.89. From the 
graphical presentation (fig . 2) or from the formulas 
immediately above , we next calculate tlT 1 max =0.812 , 
6.T2 = 0.162. These numbers are to be mut'tiplied by 
the magnitude of the sudden change in fluid tempera-
ture, 550-450= 100, to give the magnitudes 
6.T1,max = 81.2°F, !lT 2 = 16.2°F, which are used in 
the B3 l .7 Code calculations. It is also of interest to 
know the time after the sudden change at which tlT 1 
attains its maximum. Again, from the graph or the 
formula , we calculate NFo = 0.1002 . 
Since thermal diffusivity a= k/cw, where c = spe-
~ific heat and w = density, we have : time = N Foo 2/a = 
-"r-0 0 2cw/k == (0 .1002)(0 .719/ 12)2(0.132)( 487)/(11.00) 
= 0.0021 hours= 7.6 sec. 
Appendix 
For the convenience of the reader, formulas ( 10) 
and ( 11) of ref. [ 1], along with some necessary defi-
nition s from the same source, are quoted below: 
(10) 
AT2 NFo 
0.294 7 /0.2931 (- 0.5) 0.0329/0.0155 (- 52.9) 
0.2508/0.2577 ( + 2.8) 0.0480/0.0419 (- 12.7) 
0.1639/0.1575 (- 4.0) 0.0913/0.1034 ( +13.3) 
0.0531/0.0518 (- 2.4) 0.2270/0.2302 ( + 1.4) 
0.0077/0.0115 ( +49.4) 0.4444/0.4394 (- 1.1) 
0.0008/0.0022 (+275.0) 0.6775/0.6846 ( + 1.0) 
(11) 
where 
P = design pressure (psi) 
D0 = outside diameter of pipe (in.) 
t = nominal wall thickness of component (in.) 
I= moment of inertia (in. 4) 
C1, C2, C3 = secondary stress indices for the specific 
component under investigation 
Mi= range of moment loading resulting from 
weight, earthquake effects (double ampli-
tude), other mechanical loads, thermal 
expansion, and anchor movements 
\t:lT 1 I= absolute value (without regard to sign) of 
the temperature difference between the 
temperature of the outside surface (T 0) 
and the temperature of the inside surface 
(Ti) of the component assuming moment-
generating equivalent linear temperature 
distribution (see fig. 1) 
\t:lT2\ = absolute value (without regard to sign) for 
that portion of the nonlinear thermal gra-
dient through the wall thickness not includ-
ed in !lT 1 of eq. (10) (see fig. 1) 
Ea= modulus of elasticity (£) times the mean 
coefficient of thermal expansion (a) (psi/F) 
aa = mean coefficient of expansion on side a of 
a gross discontinuity such as a branch-to-
run or flange-to-pipe or socket fitting-to-
pipe gross discontinuity 
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Ta= average temperature minus the room tem-
peratue on side a of a gross discontinuity 
% = mean coefficient of expansion on side b of 
a gross discontinuity 
Tb= average temperature minus the room tem-
perature on side b of a gross discontinuity 
Eab = the average modulus of elasticity of the 
two parts of the gross discontinuity 
v = Poisson's ratio = 0.3 
K 1, K2, K 3 = local stress indicates for the specific 
component under investigation 
Sn• SP= stress evaluations for specific purposes of 
the code. 
(Note: References to code appendices, appearing in 
the definitions as given in the code, have been omit-
ted from the preceding transcriptions.) 
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